We investigate the strong coupling constants for the baryon octet-octet, decuplet-octet, and decuplet-decuplet vertices with pseudoscalar mesons within a general framework of the chiral quarksoliton model, taking into account the effects of flavor SU(3) symmetry breaking to linear order in the expansion of the strange current quark mass. All relevant dynamical parameters are fixed by using the experimental data on hyperon semileptonic decays and the singlet axial-vector constant of the nucleon. The results of the strong coupling constants for the baryon octet and the pseudoscalar meson octet are compared with those determined from the Jülich-Bonn potential and the Nijmegen extended soft-core potential for hyperon-nucleon scattering. The results of the strong decay widths of the baryon decuplet are in good agreement with the experimental data. The effects of SU f (3) symmetry breaking are sizable on the η ′ coupling constants. We predict also the strong coupling constants for the Ω baryons.
I. INTRODUCTION
The meson-baryon coupling constants are the essential quantities in understanding the structure of SU(3) baryons and in describing various productions such as meson-baryon scattering, baryon-baryon scattering, photoproduction and electroproduction of hadrons. The strong coupling constants are often determined with flavor SU f (3) symmetry assumed. Knowing the πN N coupling constants and the ratio α = F/(F + D), where F and D are the two couplings arising from the SU(3) Wigner-Eckart theorem for computing the matrix elements of the axial-vector current [1] , one can determine the pseudoscalar meson octet (P 8 ) and baryon octet (B 8 ) coupling constants:
with g = g πN N . The ratio α can be found from the five known experimental data on hyperon semileptonic decay (HSD) constants (g 1 /f 1 ) B ′ 8 →B8 [2, 3] . Almost all theoretical works on the hyperon-nucleon interaction use it obtained in this way [4] [5] [6] [7] [8] [9] . However, the empirical values of F and D determined from the HSD constants contain tacitly the effects of flavor SU f (3) symmetry breaking, though F and D are defined with SU f (3) symmetry assumed.
The strong coupling constants for the baryon decuplet (B 10 )-octet and pseudoscalar meson octet vertices are less known. Even the πN ∆ coupling constant, which is the essential quantity in describing the N N and πN interactions, is not at all given in consensus. The πN ∆ coupling constant is usually determined by the decay width of ∆ → πN , which yields f πN ∆ ≈ 2.24. In describing πN scattering, f πN ∆ ≈ 2.0 − 2.5 was used [10] [11] [12] . On the other hand, the full Bonn potential for the N N interaction [13] , f πN ∆ = 1.678 was employed, which was taken from the relation in an SU(6) quark model f 2 πN ∆ = 72f 2 πN N /25 [14] . A recent work determined f πN ∆ = 1.256, which is much smaller that that from the decay width, based on the global fit to the πN and γN data [15] . When it comes to the coupling constants for the other members of the baryon decuplet, information is much less known.
In the mean time, new experimental programs with strangeness of S = −3 are now under way at the J-PARC [16] and a new excited Ω resonance was reported by the Belle Collaboration [17] . The HAL Collaboration in lattice QCD predicted the dibaryon (ΩΩ) with strangeness S = −6 [18] . The N Ω interaction was studied in a meson-exchange picture [19] very recently. The baryon decuplet and octet interactions were investigated [20] . In this regard, it is highly required to provide information on the baryon and pseudoscalar meson coupling constants in a quantitative manner.
In the present work, we want to study the coupling constants for the vertices of the baryon decuplet-octet (also decuplet) and pseudoscalar mesons in a pion mean-field approach that is often called the the chiral quark-soliton model (χSM). In Refs. [21, 22] , we reexamined the mass splittings of the SU(3) baryon octet and the decuplet, fixing all the parameters unequivocally to the experimental data. The effects of SU f (3) symmetry breaking and isospin symmetry breaking due to both the electromagnetic interaction and current quark mass difference [21, 23] were systematically included, which made it possible to exploit the experimental data to fix the parameters. Since we have fixed all unknown parameters in the baryon wavefunctions, we can proceed to the study of the axial-vector transitions, again fixing relevant parameters by utilizing the experimental data on the HSD constants and the flavorsinglet axial-vector charge g (0)
A . Though similar works were done already [24] [25] [26] [27] , it was then not possible to fix all the parameters unambiguously because of the absence of isospin symmetry breaking which is inevitable in incorporating the experimental data for the baryon octet. Recently, we have shown that all the relevant parameters for the HSD constants can be fixed without any ambiguity [28] . Once they are known, we can compute all possible axial-vector transitions between the baryon multiplets. As a result, we are able to determine the coupling constants for the vertices of the baryon decuplet-octet (decuplet) and pseudoscalar mesons without any additional parameters introduced, taking into account the effects of explicit SU(3) symmetry breaking. This paper is outlined as follows: Section 2, we briefly review the general formalism of the χSM to compute the axial-vector transitions between the baryon multiplets and show how to fix the parameters for the axial-vector transitions. In Sec. 3, we present the results of the coupling constants for the baryon multiplets and pseudoscalar meson vertices. We show also the decay widths of the baryon decuplet to the octet. In Sect. 4, we discuss the results for the η (η ′ ), and baryon coupling constants, applying a usual mixing between the octet η 8 and the singlet η 0 . In the final Section we summarize the present work and draw conclusions.
II. BARYON MATRIX ELEMENTS OF THE AXIAL-VECTOR CURRENTS
The baryon matrix elements of the axial-vector currents are expressed in terms of three form factors
where the axial-vector currents are defined as
The λ i stand for flavor Gell-Mann matrices for strangeness conserving ∆S = 0 transitions (i = 3, 8, (1 ± i 2)) and for |∆S| = 1 ones (i = 4 ± i 5), respectively. The q 2 = −Q 2 denotes the square of the momentum transfer q = p 2 −p 1 . The form factors g i are real quantities due to CP -invariance, depending only on the square of the momentum transfer. We can neglect g
, because its contribution to the decay rate is proportional to the ratio m is finite only with the effects of SU f (3) symmetry and isospin symmetry breakings because of its opposite G parity to the axial-vector current, so it is very small for the baryon octet.
In the χQSM, the collective operator for the axial-vector constants can be defined in terms of the SU f (3) Wigner D functions [24] [25] [26] :
where a i denote dynamical parameters encoding the specific dynamics of a χQSM [29] [30] [31] . Note that a 1 parametrizes the leading-order contribution, a 2 and a 3 come from the rotational 1/N c corrections, and a 4 , a 5 and a 6 are originated from SU f (3) symmetry breaking, in which the strange current quark mass m s is contained.Ĵ q andĴ 3 stand for the q-th and third components of the collective spin operator of the baryons, respectively. The D (8) ab are the SU(3) Wigner D functions in the octet representation.
The baryon wavefunctions for the baryon octet and decuplet are written in terms of the SU f (3) Wigner D functions in the χSM [21, 32] :
where R designates the allowed irreducible representations of the SU f (3) group, i.e. R = 8, 10, · · · . Y, T, T 3 denote the corresponding hypercharge, isospin and its third component, respectively. The right hypercharge is constrained to be Y ′ = 1 in such a way that it selects a tower of allowed SU f (3) representations. The baryon octet and decuplet, which are the lowest representations, coincide with those of the quark model. This has been considered as a success of the collective quantization and gives a hint about certain duality between the chiral soliton picture and the constituent quark model.
When the effects of SU f (3) symmetry breaking are taken into account, a baryon state is no more pure state but the state mixed with those in higher representations. Thus, the wavefunctions for the baryon octet and the decuplet are given by 
where the spin indices J 3 have been dropped from the states. The mixing coefficients in Eq.(6) contain the strange current quark mass m s and are expressed as
respectively in the bases [N, Λ, Σ, Ξ] and [∆, Σ * , Ξ * , Ω] with
Here I 2 is a moment of inertia for the soliton. α and γ are the parameters appearing in the collective Hamiltonian.
As for the explicit definitions of I 2 , α and γ, we refer to Ref. [21] , where one can find also a detailed discussion as to how they are fixed unambiguously, and relevant references.
Since the baryon wavefunctions contain the corrections of linear SU f (3) symmetry breaking as shown in Eq. (6), the axial-vector transition constants g
acquire yet another linear m s corrections, when the collective operator g 1 is sandwiched between the baryon states. Thus, we have the two different linear m s corrections to the axial-vector transition constants, i.e., one from a 4 , a 5 and a 6 , and the other from the baryon wavefunctions. Recently, we have TABLE I. The experimental data on the hyperon semileptonic decay constants [2] and the singlet axial-vector constant taken from Ref. [33] .
Experimental data References g1/f1 (n → p)
1.2723 ± 0.0023
Bass et al. [33] shown how the parameters a i are unequivocally fixed in detail [28] . The experimental data on the HSD constants (g 1 /f 1 ) B ′ 8 →B8 and the flavor-singlet axial-vector charge g
A , listed in Table I , will be the input for fixing a i . The parameters a i are related to the experimentally known axial-vector HSD constants and g
A in a form of the matrix equation:
where 
Inverting B, we can easily derive the parameters a i of which the numerical values are listed in Table II . All other unmeasured HSD constants for the baryon octet and decuplet were predicted in Ref. [28] . 
where the u ν represents the Rarita-Schwinger spinor for the baryon decuplet. q µ denotes the momentum transfer
can be related to the strong coupling constants for P 8 -B 8 -B 10 and P 8 -B 10 -B 10 vertices by the partially conserved axial-vector current (PCAC) hypothesis. The pseudoscalar meson decay constant f 8 is defined as the transition matrix element of the axial-vector current from the physical pion state to the vacuum
which will be used for the relations of the pseudovector coupling constants f P8B8B10 and f P8B10b10 to the Adler form factors. In the present work, we will determine only C A 5 and h 1 . The effective Lagrangians for the P 8 B 8 B 10 and P 8 B 10 B 10 vertices are expressed as
where the pseudovector coupling constants are defined as
m 8 denotes the mass of the pseudoscalar meson. The field operators B µ 10 , B 8 , and P 8 correspond respectively to a decuplet baryon, a octet baryon, and a pseudoscalar octet meson. The Z µν and Z ν αβ stand for the tensors including the off-shell effects arising from the Rarita-Schwinger field quantization, defined as Z µν = g µν − x ∆ γ µ γ ν with the off-shell parameter x ∆ . I(3/2, 1/2) and I(3/2, 3/2) are isospin transition matrices.
For completeness, we also want to mention that the pseudoscalar strong coupling constants can be derived from the generalized Goldberger-Treiman (GT) relation [37, 38] , which is defined as
However, there is a caveat in Eq. (19) . Keeping in mind that certain effects on the GT relation will arise from the flavor SU f (3) symmetry breaking. In Ref. [39] , it was shown that loop corrections to the GT relation, which come from the pion mass, are indeed very small (∼ 2 %). So, we expect that the strange current quark mass will not yield much effects on the relation. Thus, as often assumed in the hyperon-nucleon potentials, one still can use Eq.(19), if one wants to derive the strong coupling constants g P8B8B10 . In effect, the numerical values of the C A 5 (0) were already presented in the previous work [28] . Thus, we will show the results for the pseudovector coupling constants and decay widths of the baryon decuplet in this work, using the experimental data on the meson decay constants, f π = 92.4 MeV and f K = 113.0 MeV. In Table III , we list the results of the pseudoscalar coupling constants for the various P 8 B 8 B 8 vertices, i.e. g P8B8B8 / √ 4π. The second column represents those in the SU f (3) symmetric case, whereas the third one denotes those with explicit SU f (3) symmetry breaking taken into account. The results are compared with those determined from the extended soft-core Nijmegen hyperon-nucleon (Y N ) potential (ESC08a) [8] and Jülich-Bonn Y N potential, employing the generalized GT relation for kaon vertices. Except for the coupling constants of the vertices πΞΞ and KΞΛ, the present results are in good agreement with the those from both the Nijmegen and Jülich-Bonn potentials. When the effects of the SU f (3) symmetry breaking are taken into account, the present results are more deviated from those taken from the Nijmegen potential. Note that both the Nijmegen and Jülich-Bonn potentials have assumed SU f (3) symmetry and the following relations for the P 8 B 8 B 10 vertices are obtained in exact SU f (3):
which can be found in various works already. In Table IV we list the results of the pseudovector coupling constants for the P 8 B 8 B 10 vertices. We find that the present value of f πΣΣ * is different from that taken from the Jülich-Bonn potential by almost 50 %. The value of f KN Σ * differs by approximately 45 %. However, we want to emphasize that the present results of the coupling constants reproduce the experimental data on the decay widths of the decuplet hyperons very well, which will be discussed now.
The partial width for the decay from the baryon decuplet to the octet and pseudoscalar meson P 8 is expressed in terms of the pseudovector coupling constant as follows
where |k| denotes the three momentum of the pseudoscalar meson in the rest frame of the baryon decuplet. m 8 represents the mass of the pseudoscalar meson involved in the decay process. Summing all possible transitions with averaging over the initial states, we can write the decay width for each member of the baryon decuplet as
Except for the ∆ decay, the present results are in good agreement with the experimental data as shown in Table V . There exist also experimental data on the ratio of the decay widths for Σ * → Σ and Σ * → Λ. The present result is In Table VI , we list the results on the pseudovector coupling constants for the P 8 B 10 B 10 vertices. The πΩΩ coupling constant vanishes, since the isoscalar Ω baryon can not be coupled to the pion. Note that as the absolute value of strangeness increases, the magnitude of the P 8 B 10 B 10 coupling constant tends to increase. For example, the magnitude of |f KΞ * Ω | is approximately three times larger than that of f π∆∆ .
IV. COUPLING CONSTANTS FOR THE η-B-B, η ′ -B-B VETICES
In this Section, we provide the numerical values of the coupling constants when η and η ′ are involved. In order to compute them, we have to consider the mixing between the octet η 8 and the singlet η 0 coupling constants. Following the mixing scheme suggested in Ref. [8] given as
one can easily determine the coupling constants for the η and η ′ coupling constants. Using the values of f η = 94.0 MeV, f η ′ = 89.1 MeV taken from Refs. [40] [41] [42] and mixing angle θ p = −23.00
• from Ref. [8] , we obtain the pseudoscalar coupling constants for the ηB 8 B 8 and η ′ B 8 B 8 coupling constants. (3) symmetric case, whereas the third one corresponds to those from a4, a5, and a6 of the collective operator for the axial-vector constants given in Eq. (4). The fourth one represents the corrections from the symmetry-breaking parts of the collective wavefunctions in Eq. (6). The fifth column presents the total results of the coupling constants. The sixth one lists the values of the coupling constants taken from the Nijmegen potentials.
ESC08a [ The corresponding numerical results are listed in Table VII and are compared with those from the Nijmegen potentials. Since the effects of SU(3) symmetry breaking seem rather important, we examine the contributions from the SU(3) symmetry breaking more closely. In the case of exact SU f (3) symmetry, the results are very similar to those from the Nijmegen potentials. However, when the effects of explicit SU f (3) symmetry breaking are taken into account, the values of the η and η ′ coupling constants are in general much changed. As shown in Table VII , there are two different contributions of the SU f (3) symmetry breaking: The one arises directly from the collective operator for the axial-vector constant given in Eq. (4) and the other comes from the wavefunctions mixed with the states from higher representations as in Eq. 6. As clearly shown in the fourth column of Table VII, the wavefunction corrections are negligibly small. However, the linear m s corrections from the collective operator, in particular, when it comes to the η ′ B 8 B 8 coupling constants, are sizable, even compared with the contributions of the SU f (3) symmetric terms.
In order to understand this, we need to examine carefully the expression for the singlet axial-vector constant g
A . As discussed in detail In Ref. [26] , the singlet axial-vector operatorĝ
where the leading-order contribution with a 1 vanish. It means that a 3 , which is subleading in the 1/N c expansion, plays a leading role [43, 44] . The parameter a 3 in Eq. (26) comes from the anomalous part of the effective chiral action in the χQSM while in the Skyrme model it arises from the Wess-Zumino term and vanishes in the version of the pseudoscalar mesons. Thus, the effects of SU f (3) symmetry breaking are crucial in determining the value of g (0) A quantitatively. Since a 5 and a 6 have different signs as shown in Table II , the m s correction given in the second term of Eq. (26) becomes large. As a result, the effects of SU f (3) symmetry breaking turn out to be sizable, in particular, in the case of the η ′ B 8 B 8 coupling constants for which the singlet contributions are large. Thus, the present results imply physically that the effects of SU f (3) symmetry breaking are crucial in determining the η and η ′ coupling constants quantitatively.
In Table VIII , we list the results of the ηB 8 B 10 and η ′ B 8 B 10 coupling constants. In general, the effects of explicit SU f (3) symmetry breaking reduce the magnitudes of these coupling constants noticeably. Table IX lists the results of the η and η ′ coupling constants for the baryon decuplet. Interestingly, the effects of explicit SU f (3) symmetry breaking are marginal except for the ηΩΩ coupling constant, since the matrix elements of D (8) 83 are small for the baryon decuplet. Note that the η ′ Σ * Σ * does not acquire any contribution from explicit SU f (3) symmetry breaking. In general, the values of the η ′ coupling constants are much larger than those of the η ones. Pseudovector strong coupling constants of the baryon decuplet with η and η ′ , divided by √ 4π. The second column lists the results for the SU f (3) symmetric case, whereas the third one corresponds to those from a4, a5, and a6 of the collective operator for the axial-vector constants given in Eq. (4). The fourth one represents the corrections from the symmetry-breaking parts of the collective wavefunctions in Eq. (6) . The fifth column presents the total results of the coupling constants. 
V. SUMMARY AND CONCLUSION
In the present work, we have investigated the strong coupling constants for the meson-baryon-baryon vertices within the general framework of the chiral soliton model, taking into account the effects of flavor SU(3) symmetry breaking to linear order. All the relevant dynamical parameters were fixed by using the experimental data on the hyperon semileptonic decays and the singlet axial-vector constant. We were able to determine the strong coupling constants for the baryon octet and pseudoscalar meson octet vertices, those for the transition from the baryon decuplet to the baryon and pseudoscalar meson octets, and those for the baryon decuplet and pseudoscalar meson octet vertices. Except for the πΞΞ, πΣΣ * and KN Σ * vertices, the present results were in good agreement with those determined from the Nijmegen and Jülich-Bonn potentials. We also computed the decay widths of the baryon decuplet to the baryon octet and the pion. Apart from the ∆ decays, the results are in good agreement with the experimental data. We also presented the strong coupling constants for the η and η ′ mesons. The effects of SU f (3) symmetry breaking are in general quite sizable on the η ′ coupling constants. This can be understood that the leading contribution to the singlet axial-vector constant vanishes in the 1/N c expansion within the present framework and the subleading-order terms play a leading role. Thus, the corrections of the strange current quark mass become relatively more important in the case of the η ′ coupling constants.
The strong coupling constants for the vector mesons and the baryon octet and decuplet can be examined within the same framework. Since the vector mesons have spin 1, the structure of the coupling constants is more involved. The related work is under investigation. 
